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Abstract 
Water-saving retrofitting of existing residential buildings can not only ease the country’s water shortage, but also 
owns strategic significance to keep sustainable development of construction industry. Firstly, this paper described 
the currently used water-saving measures of buildings. And then, according to the analysis of domestic and 
international water-saving retrofitting of buildings and related evaluation, using AHP and Gray Comprehensive 
Evaluation, it developed a comprehensive evaluation index system of water-saving retrofitting of buildings ,and 
provided a more comprehensive and objective evaluation method for water-saving retrofitting of exiting residential 
buildings. 
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1. Introduction 
In recent years, with the rapid development of urban construction industry, water consumption in 
buildings increases year after year. Water consumption in buildings mainly includes domestic water and 
irrigation water. For a long time, the using of water in buildings is contrary to the principles of 
sustainable development. An important manifestation is that water use efficiency of existing buildings 
is not high, so that much water was wasted.  Moreover, China is a relatively water-poor country, 
therefore, saving water and improving water use efficiency should be the future development direction 
of the construction industry.  This paper mainly describe the water-saving retrofitting measures of 
existing residential buildings, and then establish a comprehensive evaluation system of water-saving 
retrofitting for existing residential buildings. 
2. Analysis of water consumption in buildings 
There are many factors affected the water consumption in buildings. To sum up, these factors contain 
the external environment, building design, water supply and drainage system and human dimensions. 
[1]Based on an objective analysis of these factors, we can get an analysis table of water consumption in 
buildings, as tab.1. 
3. Water-saving retrofitting measures of existing residential buildings 
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Tab.1 Analysis table of water consumption in buildings 
 
Influence factors Contents Details 
The external environment Geographical environment Longitude, latitude, altitude 
Climate environment Temperature, humidity, rainfall, snowfall 
Building design Building function Residential buildings, public buildings, commercial 
buildings 
Building shap Shape, area, number of layers 
Building landscape area 
Water supply and drainage 
system  
Water supply and drainage facilities Domestic water,irrigaition water 
Water-saving measures Reuse of recycled water and rainwater 
Water supply and drainage 
management 
Management level, the application of intelligent control 
systems 
Human dimensions Life habit  
Other factors Cultural qualities, energy-saving awareness, income 
 
Water-saving retrofitting measures of existing buildings mainly include the following three aspects: 
the application of water-saving appliances and equipments, the treatment and reuse of recycled water, 
the collection and use of rainwater. 
3.1. The application of water-saving appliances and equipments  
Water-saving appliances are important parts of water supply and drainage system in buildings, and 
also are important content of water-saving evaluation system. The quality of them is directly related to 
water-saving performance. According to the “Domestic Water-saving Appliances” (CJ164-2002), 
water-saving appliances can reduce water consumption under the condition of meeting the same 
function, [2] for example: drinking, flushing, bathing and irrigating. Water-saving appliances mainly 
include water-saving tap, water-saving flushing equipments of toilet and water-saving shower. 
(1)Water-saving tap 
Taps are the most widely used water appliances. Currently, water-saving taps are mostly taps with 
ceramic valve core. This kind of tap has good impermeability. They can be opened or closed speedily, 
and have a long useful time. Otherwise, in the same hydrostatic pressure, the water output of this kind 
of tap is smaller than other ordinary taps. They can save water about 20% -30%. [3]  In addition, the 
inflatable taps, self-closing taps, and inductive taps also have good water-saving effect.  
(2)Water-saving flushing equipments of toilet 
In our family lives, water consumption of toilet accounts for 30%-40% of total water consumption 
all day. In the condition of ensuring the drainage system under normal operating conditions, using 
chose stool with a grading flushing device can save water about 25%. At present, the hydraulic tanks 
and hydraulic flushing valves are popularly used in toilets.  They work reliably, and are easy to be 
operated. Especially their water output is adjustable. They should be our first choice. In public places, 
we should promote the use of self-closing flushing valves, automatic inductive flushing appliances and 
other water-saving flushing equipments. 
(3)Water-saving shower 
In domestic water, water consumption of shower accounts for 20%-35% of total water consumption. 
When showering, you need some time to wipe your body and regulate water temperature, so if you 
don’t adjust the water output immediately, much water will be wasted. Nowadays, a new kind of 
water-saving shower with thermostat was invented. You just need to open the wrench according to the 
predetermined temperature, and the shower can rapidly adjust the water temperature, so water 
consumption can be reduced.   
In public bathroom, double-pipe water supply should be changed to a single-pipe water supply with 
thermostat, and this change can save water about 10% -15%. If we use shower with pedal valves, 
generally we can reduce water consumption 15%-20%. In addition, using smart IC card control system 
can save water about 30%.[4] 
The application of the above three devices mainly save indoor water consumption. Meanwhile, 
saving outdoor water consumption is also equally important. Outdoor, water is mainly used for                  
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irrigating landscape. At present, micro spray irrigation is popularly used.  It can save water 15%-20% 
compared with ordinary irrigation. 
Tab.2 The reference of evaluation index of water-saving in residential buildings 
 
Reference Evaluation contents 
Domestic Green Building Evaluation Standard Use of conventional and unconventional water 
Water supply and drainage system 
Use of water meters  
Water-saving appliances and equipments 
American LEED Evaluation System Water-saving landscape 
Innovative wastewater treatment technology 
British BREEM Evaluation System Water consumption, water meter, water pipes 
Automatic valve 
Performance Evaluation Technology Standards of Residence
 
Use of recycled water, drainage system 
Water-saving appliances and pipe 
Water-saving measures in public places 
Domestic Related Literature Water-saving technical measures 
Water saving management of buildings 
Related evaluation index system 
 
3.2. The treatment and reuse of recycled water 
The main source of recycled water is washing and showering wastewater. The recycled  water is 
usually used for flushing toilet, irrigating landscape and spraying roads.  
The amount of recycled water accounts for 60% -70% of total amount of municipal wastewater. The 
treatment and reuse of recycled water is an effective way to increase the use efficiency of wastewater. 
There are many treatments of wastewater, such as Bio-contact Oxidation, BAF, SBR, as well as some 
new techniques, for example: Up-flow Anaerobic Sludge Blanket (UASB), Suspended Carrier 
Bioreactor, etc. [5] Of course, these techniques have their own limitations.  In order to ensure the 
quality of reused water, we also need some advanced biological treatment methods, such as Artificial 
Wetland, Membrane Bioreactor (MBR), etc. 
3.3. The collection and use of rainwater 
Rainwater can be collected through storm sewer. Firstly, rainwater was collected by rainwater hopper, 
and then it was discharged to the apron or rainwater ditch. Finally, it would be collected and treated 
through rainwater disposal system and reused. In addition, you can also take rainwater infiltration 
measures, such as using water-permeable floor, concave-type greenbelt, and infiltrating rainwater 
pipes. 
There are 12 venues that adopted water-saving technologies in Expo, such as Expo Center,  Case 
Venue of London. All these buildings installed rainwater collection system. Then, the rainwater can be 
used for irrigation and flushing road. 
4. Principles and basis of determining comprehensive evaluation indexes of water- saving 
retrofitting of existing residential buildings 
4.1. Principles of determining comprehensive evaluation indexes 
In order to comprehensively evaluate water-saving retrofitting of existing residential buildings, we 
should follow principles as follow when we determine evaluation indexes. 
Firstly, the index system should be able to completely reflect the water-saving status of buildings. 
The system should not only include the mutual relation between projects and external environment, but 
also include the characteristics of their own. [6]The system should contain quantitative indexes and 
qualitative indexes, meanwhile. Secondly, the indexes must objectively reflect the reality. Thirdly, the 
indexes should be easy for collecting data and being expanded and improved. The contents of indexes 
should not be too tedious, or it will impact our work. In addition, when we determine indexes, we 
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Construct the structure of AHP 
should consider timeliness, comparability, scientificity, rationality. Finally, the comprehensive 
evaluation indexes should be able to provide a theoretical basis for water- saving retrofitting of existing 
residential buildings and optimizing design. And, they can help us to establish an integrated technology 
system including performance upgrade, environmental protection and water-saving optimization. 
4.2. Basis of determining comprehensive evaluation indexes 
Based on international related evaluation systems and domestic technical specification, and 
according to the characteristics of water supply systems, we can divide the comprehensive indexes into 
four sorts: economic index, water-saving index, safety index and environmental adaptability index. The 
main basis is as tab.2. 
5. Establishment of comprehensive evaluation index system 
5.1. Elementary establishment of comprehensive evaluation index system 
Comprehensive evaluation index system of existing residential buildings is as tab.3. 
Tab.3 The framework of comprehensive evaluation index system of water saving retrofitting of existing residential buildings 
 
General comment Rule Basic index 
Evaluation of 
water-saving 
retrofitting 
of existing 
residential 
buildings 
U 
Economic indexU1 Water-saving investment U11 
Water-saving income U12 
Investment recovery periodU13 
Preferential policy U14 
Water-saving index U2 Water-saving appliances U21 
Use of recycled water U22 
Use of rainwater U23 
Water saving design and management U24 
Safety index U3 Stability of system U31 
Security of system U32 
Operation management of system U33 
Environmental adaptability 
index U4 
Adoptability of geographical environment U41 
Adoptability of climate environment U42 
Comfortability of living environment U43 
 
5.2. Determination of indexes’weight 
The indexes were determined by using AHP. The procedure of Analytic Hierarchy Process is as fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 The procedure of Analytic Hierarchy Process 
5.3. Gray comprehensive evaluation 
Construct evaluation matrix A 
Level single sorting
Check the consistency of A
Correct 
Level total sorting 
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Correlation Degree Analysis is the most widely used method in Grey System Theory. Correlation 
Degree Analysis is a method to analyze the connection degree and similarity degree between the 
various elements in the system, and its basic idea is to sort systems according to correlation degree.[7] 
Gray comprehensive evaluation is mainly based on the model : R=E×W. 
R is the comprehensive evaluation results of evaluated objects; 
R=[r1,r2,……，rm]T                                                             (1) 
W is the correlation coefficient of evaluation indexes, and E is the evaluation matrix of index of each 
index. 
W=[w1,w2,……,wn]T ,    ∑
=
=
n
j
jw
1
1                                             (2)                    
                                    (3)
 
 
 
εi(k) is the correlation coefficient between NO. k index of NO. i project and the NO. k optimal index. 
According to the value of R, we can sort systems.  
(1)Determine the optimal index set (F*) 
 Assume  F*=[j*1, j*2,……j*n]                                                   (4) 
j*k（k=1,2，…，n）is the optimal value of NO. k index. This optimal value can be the optimal value 
of various programs, and it also can be the optimal value recognized by assessors. However, when we 
define the optimal value, it is necessary to consider the progressiveness and feasibility at the same time. 
If the optimal index is defined too high, it will not be achieved, so that the evaluation results may be 
worry. 
After determining the optimal index set, we can construct matrix D: 
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jik is the original value of NO. k index of NO. k scheme. 
(2)Standardization of index value 
Because the dimension and magnitude of the indexes are often different, they can’t be compared 
directly. In order to ensure the reliability of the results, we need to standardize the original indexes 
value. 
Assume the changing interval of NO. k index is [jk1,jk2], jk1 is the smallest value of NO. k index in all 
projects, and jk2 is the biggest value of NO. k index in all projects, then we can change the original 
value into dimensionless value Cik ∈(0,1). 
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(3)Calculation of comprehensive evaluation result 
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{C*}={C*1,C*2,……,C*n} is the reference series, and{C*}={Ci1,Ci2,……,Cin} is the series to be 
compared. Using correlation analysis method, we can respectively calculate the correlation coefficient 
εi(k)between NO. k index and the NO. k optimal index of NO. i project. 
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Next, we can get E, and then calculate the comprehensive evaluation result R. 
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If the value of ri is biggest, it shows that {Ci} is closest to the optimal index {C*}, and that is to say 
NO. i project is optimal. 
6. Conclusions 
Based on the study of water-saving retrofitting of existing residential buildings and domestic and 
foreign research results, the paper developed a comprehensive evaluation index system for 
water-saving retrofitting of exiting residential buildings, and it provides an evaluation basis for 
choosing the optimal water-saving project. Of course, in different area, the weather conditions and 
human dimensions are different, so we need to adjust the evaluation indexes and their weight when it is 
necessary. In addition, we should pay attention to water-saving design and optimization in new 
residential buildings. 
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